Background. Over 85 bacterial phyla have been identified using cultivation-independent molecular approaches (Achtman and Wagner, 2008) , and discovery of new phyla continues to expand our catalogue of microbial diversity. However the majority of these newly identified phyla, including Gemmatimonadetes, have few or no cultured representatives. Gemmatimonadetes is one of the 9 major phyla found in soils, comprising ca. 2% of sequences in soil bacterial 16S rRNA gene libraries (DeBruyn et al., 2011; Janssen, 2006) . Despite their ubiquity, only one isolate from this phylum has been characterized: Gemmatimonas aurantiaca strain T-27, a facultative aerobic, polyphosphateaccumulating bacterium isolated from an enhanced biological phosphorus removal anaerobic-aerobic sequential wastewater reactor (Zhang et al., 2003) . Four other Gemmatimonadetes strains have been isolated from soil using long incubation times and unconventional culture approaches (Davis et al., 2005; Joseph et al., 2003) ; however none of these strains is currently characterized or deposited in a culture collection.
Isolation of KBS708. Strain KBS708 was isolated from organically managed agricultural soil supporting a wheat-corn-soybean rotation at the Long Term Ecological Research Site at Kellogg Biological Station in Hickory Corners, Michigan, USA. This site is located in the Kalamazoo soil series, from which the proposed bacterial species name is derived. Soil parameters were measured as previously described (DeBruyn et al., 2011) : soils were pH 5.6 with 0.12% N, 1.3% C, and 2.0 ppm Mehlich3-extractable PO 4 . Soil collected from the top 15 cm was diluted in minimal media VL55 pH 5.5 amended with 0.025% peptone [VL55 (per liter): 1.95 g MES (2-[N-morpholino]ethanesulfonic acid), 0.2 mM MgSO 4 , 0.3 mM CaCl 2 , 0.2 mM (NH 4 ) 2 HPO 4 , 1 ml of selenite/tungstate solution, 1 ml of trace element solution SL10, 1 ml of vitamin solution 1 and 3 ml of vitamin solution 2] (Sait et al., 2002) . Colonies were randomly selected from VL55 with 1.5% noble agar plates after 36 days. Fungal contamination was inhibited via subsequent transfers to VL55 agar plates amended with 2 mg L 1 cyclohexamide. Clonality and freedom from bacterial contamination was assessed using restriction fragment length polymorphism (RFLP) analysis: 16S rRNA genes were amplified using primers 8F and 1392R (Lane et al., 1985) , digested with AluI at 37 C for 6 h and run on a TAE buffered 1% agarose gel. Cultures were deemed clonal if DNA fragment sizes added up to 1,384 bp and patterns matched in silico predictions. Here, we provide a characterization of strain KBS708 and compare it to G. aurantiaca T-27 (summarized in Tables 1, 2, and 3) .
Phylogenetic identification. KBS708 was grown in liquid VL55 at 20 C for 10 days. Genomic DNA was extracted using the Ultra Clean Microbial DNA Isolation Kit (MoBio, Carlsbad, CA) according to the manufacturer s protocol. The 16S rRNA gene was amplified with universal bacterial primers 8F and 1392R (Lane et al., 1985) under the following conditions: 95 C for 10 min followed by 40 cycles of 95 C for 30 s, 45 C for 30 s and 72 C for 1 min and a final 72 C for a 10-min extension step. Amplicons were cloned into pGEM T Easy Vector using the pGEM ® -T Easy Vector System II kit (Promega, Madison, WI) according to the manufacturer s protocol and sequenced using BigDye (ABI) Sanger sequencing on an ABI 3730 capillary electrophoresis instrument at the University of Tennessee Knoxville Molecular Biology Resource Facility. The se- (Chun et al., 2007; Kim et al., 2012) revealed that strain KBS708 has 89.203% identity to Gemmatimonas aurantiaca T-27 (AP009153). A Clustal W alignment of T-27 and KBS708 16S rRNA genes is provided in Fig. S1 . Thirty other most closely related Gemmatimonadetes 16S rRNA gene sequences ( 1,200 bp) were retrieved from RDP using SeqMatch, and used to create a Clustal W alignment with gap opening and extension penalties of 15 and 6.66, respectively. KBS708 16S rRNA gene has 86 89% identity to other uncharacterized Gemmatimonadetes isolates (El- Davis et al., 2005 and Joseph et al., 2003) . The resulting alignment was used to build a neighbor-joining phylogenetic tree in MEGA (v 4.0.2) using a maximum composite likelihood substitution model and 1,000 bootstrap replications (Fig. 1) . Fibrobacter succinogenes T was used as an outgroup. The phylogenetic placement confirms KBS708 as a novel genus and species within phylum Gemmatimonadetes. Morphology. KBS708 is Gram-negative (BD Gram Stain kit) and does not appear to be motile under any culture conditions tested in this study (see Growth characteristics below). Transmission electron microscopic (TEM) images were taken with a Hitachi H-800 Electron Microscope and scanning electron microscopic (SEM) images were taken with a Leo 1525 Scanning Electron Microscope at the Advanced Microscopy and Imaging Center at the University of Tennessee as previously described (Patel et al., 2009) . Briefly, samples were fixed in 0.1 M cacodylate-buffered 3% glutaraldehyde for 60 min, washed in buffer and then post-fixed in buffered 2% osmium tetroxide for 60 min. Samples were then dehydrated in a graded ethanol series with a final step in dry ethanol. For SEM, samples were then critical point-dried in liquid CO 2 . For TEM samples were infiltrated with Spurr epoxy. The epoxy was polymerized at 60 C for 24 h and then thin-sectioned (100 nm) with a Reichert OMU3 ultramicrotome. The sections were stained with uranyl acetate and lead citrate before examination in the TEM. Strain KBS708 exhibits pleomorphic growth with long and irregular rod-shaped cells which range in diameter from 460 660 nm and 1 16 µm in length (Fig. 2) . Protrusions suggestive of cell division are sometimes apparent at the center of cells (Fig. 3) . Thin sectioned TEM images confirmed a Gram-negative cell wall and Fig. 1 . Neighbor-joining phylogenetic tree of 16S rRNA genes from KBS708 and other closely related Gemmatimonadetes sequences available in RDP.
Isolates are in bold, and include Gemmatimonas aurantiaca T-27 T (Zhang et al., 2003) and four Ellin isolates previously reported but not characterized (Joseph et al., 2003) . The remaining sequences, listed by both RDP and NCBI accession numbers, represent uncultivated Gemmatimonadetes from a variety of environments, retrieved through molecular ecology studies. Fibrobacter succinogenes T was used as an outgroup. Bar indicates genetic distance. revealed electron dense inclusions (Fig. 4 ). An S-layer, a characteristic regular pattern covering the entire cell surface, was observable with whole cell TEM (not shown); it is also visible as the fuzz around cell walls in thin-section TEM images (Fig. 4) . Small blebs were apparent on most cells (Figs. 2 and 3) , and appear to be membrane vesicles with lipid bilayers budding off the cells (Fig. 4) . These buds are also visible in G. aurantiaca T-27 and were the inspiration for the phylum name (gemmatus L. adj. bejeweled or provided with buds). Growth characteristics. KBS708 grew in liquid VL55 minimal media amended with peptone under atmospheric oxygen concentrations with or without shaking. Visible growth appeared as early as 3 days (at 37 C) or as long as 10 20 days (at 20 C). Biomass was light to dark pink in color, and flocculated into a single mass of cells (Fig. S2) . G. aurantiaca T-27 produced orange-colored carotenoids which are thought to act as a defense mechanism against oxygen radicals (Takaichi et al., 2010) ; it is hypothesized that the pink pigment produced by KBS708 may serve a similar function, contributing to KBS708 s oxygen tolerance. Microscopic imagery confirmed the presence of extracellular polymers causing cells to stick together (Fig. 2) .
KBS708 grew very slowly (several months) on solid VL55 media with noble agar or Gelrite ® under atmospheric oxygen concentrations at 20 C. Colonies were 2 mm, light to dark pink in color, circular form, convex elevation with an undulate margin. They had a smooth, shiny, and glistening surface with a firm, rubbery texture that resisted picking. Optimal growth was observed under microaerophilic conditions (2.5% O 2 , 5% CO 2 ) at 20 C, where colonies grew in 3 7 days and were 1 6 mm in diameter with opaque centers and translucent edges. KBS708 formed colonies when embedded in Gelrite ® slants, with optimal growth occurring 0.5 cm below the surface, confirming a sensitivity to oxygen. KBS708 grew sporadically on solid media under a reduced O 2 , elevated CO 2 atmosphere produced by disposable CO 2 packs (BBL CampyPaks) in a sealed gaspak container. No growth was observed under anaerobic conditions. In addition, colonies could be dried in a desiccator for months and easily revived in liquid media.
The range of growth parameters and carbon sources were tested by growing KBS708 in liquid VL55 at 20 C (Tables 1 and 2) . pH 4 9 was tested by adjusting media pH with a citrate phosphate buffer (pH 4 7) or phosphate buffer (pH 8 9) as described previously (Breznak and Costilow, 2007) . KBS708 grew at pH 4 7, with optimal growth between pH 5.5 6.5. Temperatures from 20 to 45 C were tested; KBS708 did not grow at temperatures above 40 C. Metabolic capabilities were tested using a variety of media and carbon sources. KBS708 grew best on oligotrophic media: it did not grow on media lacking a carbon source (VL55 with phosphate buffer instead of MES, or Bristol s media), nor on richer media, such as LB or NM-1 media (used to culture G. aurantiaca strain T-27) (Zhang et al., 2003) . Carbon source utilization was assessed using Biolog PM1 and PM2A Microplates: KBS708 was inoculated in VL55 media with no carbon sources and Biolog Redox Dye G. Because of the slow growth rate of KBS708, only wells which showed color change within 5 days were scored as positive. Carbon sources used by KBS708 are shown in Table 2 .
Phenotypic characterization. KBS708 is positive for oxidase activity, revealed by changing the color of N,N-dimethyl-p-phenylenediamine. It does not appear to have catalase activity, as no bubbles were apparent after immersing colonies in hydrogen peroxide. Cells were stained with 1 mg/ml DAPI (4,6-diamidino-2-phenylindole) solution for 5 min and observed under a Nikon Eclipse E600 fluorescence microscope equipped with a Nikon Intensilight C-HGFI light source and DAPI filter, revealing bright yellow spots (not shown). The combination of yellow DAPI-stained spots and the electron dense areas revealed by TEM (Fig. 4) suggests the presence of polyphosphate bodies in KBS708, similar to those observed in G. aurantiaca T-27 (Zhang et al., 2003) . Cells were stained with 1% solution of Nile Blue A and observed under fluorescence microscope (cy5 filter) (Tindall et al., 2007) ; bright orange fluorescence (not shown) suggested the presence of poly-β-hydroxybutyrate (PHB) in the cells. KBS708 was not sensitive to ampicillin or lysozyme. Fatty acid profile. Fatty acid analysis was performed on triplicate cultures using previously reported methods (Hendrick et al., 2007) . Liquid cultures were grown in VL55, at pH 6, 20 C with shaking for 10 days. PLFA analysis was performed using previously reported precautions (White and Ringelberg, 1998) . Lyophilized cells were extracted with a single-phase chloroform-methanol-buffer system (Bligh and Dyer, 1959) as modified by White et al. (1979) . The total lipid extract was fractionated into neutral lipids, glycolipids, and polar lipids by silicic acid column chromatography (Guckert et al., 1985) . Polar lipids were transesterified to fatty acid methyl esters (FAMES) by a mild alkaline methanolysis (Guckert et al., 1985) . FAMEs were analyzed by capillary gas chromatography with flame ionization detection on a Hewlett-Packard 5890 Series 2 chromatograph with a 50 m non-polar column (0.2 mm I.D., 0.11 µm film thickness). Peaks were initially identified by comparing retention times with known standards. Definitive identification of peaks was accomplished by gas chromatography/mass spectroscopy of selected samples using a HewlettPackard 6890 series gas chromatograph interfaced to a Hewlett-Packard 5973 mass selective detector using the same column as previously described. The dominant fatty acids of KBS708 were iso-17:1ω7c (36.2% of total fatty acid methyl esters), iso-15:0 (33.1%) and 16:1ω7c (11.8%). Other lipids present in significant amounts included a 15:0 (2.3%), 15:0 (1%), i16:0 (3.5%), 16:0 (2.4%), br16:1 (1.0%), i17:0 (2.9), and a 17:0 (1.7%). This profile is notably different from that of G. aurantiaca T-27 (Table 3) .
Quinone analysis. Quinone analysis done by the Complex Carbohydrate Research Center at the University of Georgia revealed MK-9 as the major quinone. Briefly, quinones were extracted with chloroform methanol (2 1) three times. The extract was subsequently dried under a stream of nitrogen gas and redissolved/reconstituted with methanol:isopropyl-ether prior to injection in HPLC (Agilent Technologies 1,200 series). The quinones were separated by a Zorbax Eclipse XDB-C18 column (Zorbax Columns, Hungary) at 35 C, eluted isocratically with methanol:isopropyl-ether (9 2, v/v), detected by UV at 270 nm, and identified based on retention time of the reference standard.
Genome. Whole genome sequencing done by 454 pyrosequencing (Roche, Madison, WI) revealed the G+C content of KBS708 to be about 72% G+C. In comparison, G. aurantiaca T-27 (Genbank accession AP009153) is 66.0% (Table 1 ). The preliminary genome sequence also allowed for comparison of other phylogenetic marker genes between the two strains. Clustal W alignments with default parameters revealed the following percent amino acid identities between KBS708 and T-27: 83% (RpoB), 86% (RecA), 77% (GyrB), and 89% (FusA). A BLAST comparison of KBS708 draft contigs and the T-27 completed genome gave an average nucleotide identity of 89.67%.
Taxnomic conclusions
The genotypic and phenotypic characterization of strain KBS708 reveals that it belongs to phylum Gemmatimonadetes, with sufficient differences from the one other characterized strain in this phylum (Gemmatimonas aurantiaca T-27) to warrant description of a new genus and species. Most notably, genetic distances between the two strains at multiple genetic markers and dominant fatty acids confirm that these strains represent different genera. Descriptions of phylum Gemmatimonadetes, class Gemmatimonadetes, order Gemmatimonadales and family Gemmatimonadaceae can be found in Zhang et al. (2003) .
Description of Gemmatirosa gen. nov.
Gemmatirosa (Gem.ma ti.ro sa. L. adj. gemmatus bejeweled; L. n. rosa rose; N. L. fem. n. gemmatirosa a bejeweled rose). Gram-negative, rod-shaped cells which divide by binary fission and display a budding phenotype. Cells are mesophilic and aerobic or microaerophilic. The major respiratory quinone is MK-9. The dominant fatty acids include iso-C17:1, iso-C15:0 and C16:1. The type species is Gemmatirosa kalamazoonensis gen. nov., sp. nov. Gram-negative, non-motile rods; colonies and cultures have a pinkish hue.
Description of Gemmatirosa kalamazoonensis gen. nov., sp.
nov.
Gemmatirosa kalamazoonensis (ka.la.ma.zo.o.en sis. N. L. adj. from Kalamazoo, the soil series from which KBS708 was isolated.) Cells are non-motile and rodshaped, displaying variable length (1 16 µm). It is an oligotrophic chemoheterotroph which grows in liquid VL55 media or R2 media between 20 40 C (optimum=37 C) and pH 5 7 (optimum=5.5 6.5) and on solid media (VL55 or R2A with noble agar or Gelrite ® ) under an O 2 reduced, CO 2 enriched atmosphere. Peptone and simple sugars can be used as carbon sources; however, it does not tolerate rich media (i.e. LB). The DNA G+C content of the type strain is 72 mol%. The type strain is KBS708 T (NCCB 100411 T , ATCC BAA -2150 T ), isolated from agricultural soil in Kalamazoo, Michigan, United States. Fig. S1 . Clustal W alignment of 16S rRNA genes of strain KBS708 (NCBI Accession HM154525) and Gemmatimonas aurantiaca T-27 (NCBI Accession AP009153); gap opening and extension penalties were 15 and 6.66, respectively. 
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